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Description 

This invention relates to a polymeric reticulated structure in which an ethylene-propylene copolymer or a thermo- 
plastic block copolymer terminated with a crystalline ethylene block forms a three-dimensional continuous network and 

5 a method for preparing the same. 

As is well known in the art, ordinary porous materials, typically polyurethane foams, plastic foams and sponges are 
prepared by various techniques for expanding a fluid, for example, by creating cells through reaction, adding blowing 
agents, bubbling nitrogen gas or carbon dioxide gas, or mechanical agitation. These foaming methods are simple as 
such although relatively large cells are often created and grown. It is rather difficult to create micro-cells. 

10 There are known a variety of functional separation membranes. Non-woven fabric is a typical example. Some mem- 

branes like Goretex® are prepared by stretching. Some membranes are prepared by physical perforating techniques 
such as etching. It is also possible to prepare separation membranes by mixing a base material with a soluble material 
and dissolving out the soluble material. These techniques result in relatively microporous structures although they suffer 
from the disadvantages of poor cell uniformity and low porosity. 

15 As disclosed in Japanese Patent Application Kokai (JP-A) No. 239256/1 993, there were recently developed polymer 

blends of a high molecular weight organic material having a three-dimensional reticulated or continuous network structure 
and a low molecular weight material. By removing the low molecular weight material from the polymer blend with an 
organic solvent, a three-dimensional continuous network is left. The three-dimensional continuous network shown in 
Example of JP-A 239256/1993 is formed of a two block copolymer of polyethylene and an ethytene-styrene random 

20 copolymer. 

There is a demand for a microporous body having a microscopic three-dimensional continuous network with uniform 
cells and hence, exhibiting satisfactory heat resistance, chemical resistance, and physical properties as well as sufficient 
elasticity because such a microporous body will find a wider variety of applications. 

A general aim herein is to provide new and useful reticulated or porous polymeric structures and methods of making 
25 them. A preferred aim is to provide polymeric reticulated structures with a microscopic three-dimensional continuous 
network with uniform cells and hence, preferably improved properties Including low elasticity, high heat resistance, and 
high chemical resistance. These may thus find a wider variety of applications. Another object is to provide methods for 
preparing the same. 

We have found that by mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene 
30 content of at least 60% by weight with a low molecular weight material such that the resulting mixture contains up to 
30% by weight of the copolymer, there is obtained a polymeric reticulated structure having the three-dimensional con- 
tinuous network the copolymer forms. This polymeric structure can have a very dense distribution of uniform cells and 
rubbery elasticity, be capable of effectively trapping a variety of low molecular weight materials and will find a wide variety 
of applications. 

3S Similarly we have found that by mixing a thermoplastic block copolymer temninated with a crystalline ethylene block, 

preferably a thermoplastic block copolymer having a crystalline ethylene block attached to one end or both ends of an 
amorphous polymer section of an amorphous ethylene-butylene copolymer, especially containing 5 to 70% by weight 
of the crystalline ethylene block which has a melting point of at least 40^*0, with a low molecular weight material such 
that the resulting mixture contains 5 to 30% by weight of the thermoplastic block copolymer, there is obtained a polymeric 
40 reticulated structure wherein the low molecular weight material Is trapped In the three-dimensional continuous network 
the thermoplastic block copolymer forms. This polymeric reticulated structure has a very dense distribution of uniform 
cells, is capable of effectively trapping a variety of low molecular weight materials and will find a wider variety of appli- 
cations. 

Accordingly, in a first aspect, the present invention provides a polymeric reticulated structure (A-1 ) which is prepared 
45 by mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene content of at least 60% 
by weight with a low molecular weight material. The low molecular weight material is trapped in the three-dimensional 
continuous network the copolymer forms. The present invention also provides a method for preparing a polymeric re- 
ticulated structure (A-1), comprising the slep of mixing a copolymer consisting essentially of ethylene and propylene 
and having an ethylene content of at least 60% by weight with a low molecular weight material such that the resulting 
50 mixture contains up to 30% by weight of the copolymer. 

In a second aspect, the present invention provides a polymeric reticulated structure (B-1) which is prepared by 
mixing a thermoplastic block copolymer having a crystalline ethylene block atone end or both ends with a low molecular 
weight material. The low molecular weight material Is trapped in the three-dimensional continuous network the block 
copolymer forms. The present invention also provides a method for preparing a polymeric reticulated structure (B-1), 
55 comprising the step of mixing a thermoplastic block copolymer having a crystalline ethylene block at one end or both 
ends with a low molecular weight material such that the resulting mixture contains 5 to 30% by weight of the thermoplastic 
block copolymer. 

We have also found that by removing the low molecular weight material from the polymeric reticulated structure 
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(A-1) or (B-1 )- there is obtained a three-dimensional continuous network structure formed of a copolymer consisting 
essentially of ethylene and propylene and having an ethylene content of at least 60% by weight or a thernnoplastic block 
copolymer having a crystalline ethylene block at one end or both ends. This three-dimensional continuous network 
. structure has adistribution of uniform microscopic cells and rubbery elasticity, chemical resistance, and heat resistance. 

5 and wil! find a wider variety of applications. , 
Accordingly the present Invention provides a polymeric reticulated structure or microporous body (A-2) which is 
prepared by mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene content of at 
least 60% by weight with a low molecular weight material and removing the low molecular weight material from the 
mixture. The structure has a three-dimensional continuous network composed of strands and cells, the strands having 

10 an average diameter of up to 8 and the cells having an average diameter of up to 80 ^m. The present invention also 
provides a method for preparing a polymeric reticulated structure or microporous body (A-2). comprising the steps of: 
mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene content of at least 60% by 
weight with a low molecular weight material such that the resulting mixture contains up to 30% by weight of the copolymer, 
thereby forming a reticulated structure wherein the copolymer forms a three-dimensional continuous network in which 

15 the low molecular weight material is trapped; and removing the low molecular weight material from the reticulated struc- 



ture. 



Also the present invention provides a polymeric reticulated structure or microporous body (B-2) which Is prepared 
^ by mixing a thermoplastic block copolymer having a crystalline ethylene block at one end or both ends with a low mo- 
fP lecular weight material and removing the low molecular weight material from the mixture. The structure has a three-di- 
20 menslonal continuous network composed of strands and cells, the strands having an average diameter of up to 10 ^im 
and the cells having an average diameter of up to 80 ^im. The present invention also provides a method for preparing 
a polymeric reticulated structure or microporous body (B-2), comprising the steps of: mixing a thermoplastic block co- 
polymer having a crystalline ethylene block at one end or both ends with a low molecular weight material such that the 
resulting mixture contains 5 to 30% by weight of the thermoplastic block copolymer thereby forming a reticulated struc- 
25 turc wherein the copolymer forms a three-dimensional continuous network in which the low molecular weight material 
is trapped, and removing the low molecular weight material from the reticulated structure. 

We have further found that by infiltrating a normally liquid or solid functional material into voids of the microporous 
body (A-2) or (B-2) from which the low molecular weight material has been removed, there is obtained a microcellular 
composite wherein a microporous body formed of a copolymer consisting essentially of ethylene and propylene and 
30 having an ethylene content of at least 60% by weight and having a three-dimensional continuous network having an 
average strand diameter of up to 8 pm and an average cell diameter of up to 80 nm or a thermoplastic block copolymer 
having a crystalline ethylene block at one end or both ends and having a three-dimensional continuous network having 
an average strand diameter of up to 1 0 um and an average cell diameter of up to 80 |im is filled with the normally liquid 
or solid functional material. This three-dimensional continuous network has a very dense distribution of uniform cells 
35 and is capable of effectively retaining the functional materia! infiltrated therein, or has improved timed release. If the 
functional material is selected from a wide variety of materials including ink, pharmaceutical agents and fragrant com- 
ponents, the composite has satisfactory sustained release as printing members, pharmaceutical external preparations 

• or fragrant preparations. 
Accordingly the present invention provides a polymeric reticulated structure or filled microcellular composite (A-3) 
40 which is prepared by a method comprising the steps of: mixing a copolymer consisting essentially of ethylene and 
propylene and having an ethylene content of at least 60% by weight with a low molecular weight material; removing the 
low molecular weight material from the mixture, thereby forming a microporous body having a three-dimensional con- 
tinuous network composed of strands and cells, the strands having an average diameter of up to 8 ^m and the cells 
having an average diameter of up to 80 pm: and incorporating a functional material which Is liquid or solid at room 
45 temperature into the microporous body The present invention further provides a method tor preparing a polymeric re- 
ticulated structure or filled microcellular composite (A-3). comprising the steps of: mixing a copolymer consisting essen- 
tially of ethylene and propylene and having an ethylene content of at least 60% by weight with a low molecular weight 
material such thai the resulting mixture contains up to 30% by weight of the copolymer, thereby forming a reticulated 
structure wherein the copolymer forms a three-dimensional continuous network in which the low molecular weight ma- 
50 terial is trapped; removing the low molecular weight material from the reticulated structure to leave voids; and infiltrating 
a functional material which is liquid or solid at room temperature into the voids. 

Also the present invention provides a polymeric reticulated structure or filled microcellular composite (B-3), which 
is prepared by a method comprising the steps of: mixing a thermoplastic block copolymer having a crystalline ethylene 
block at one end or both ends with a low molecular weight material; removing the low molecular weight material from 
55 the mixture, thereby forming a microporous body having a three-dimensional continuous network composed of strands 
and cells, the strands having an average diameter of up to 1 0 ^m and the cells having an average diameter of up to 80 
^m; and incorporating a functional materia! which is liquid or solid at room temperature into the microporous body. The 
present invention further provides a method for preparing a polymeric reticulated structure or filled microcellular com- 
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posite (B-3). comprising the steps of: mixing a thermoplastic block copolymer having a crystalline ethylene block at one 
end or both ends with a low molecular weight material such that the resulting mixture contains 5 to 30% by weight of 
the copolymer, thereby forming a reticulated structure wherein the copolymer forms a three-dimensional continuous 
network in which the low molecular weight material is trapped; removing the low molecular weight material from the 
s reticulated structure to leave voids; and infiltrating a functional material which is liquid or solid at room temperature into 
the voids. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 The only figure, FIG. 1 schematically illustrates a cell of a reticulated structure according to the invention. 

Polymeric reticulated structure (A-l) 

A first embodiment of the invention relates to a polymeric reticulated structure wherein a three-dimensional contin- 

IS uous reticulated skeleton or network having intemal open cells is constructed by an ethylene-propylene copolymer. 

The copolymer is an ethylene-propylene rubber (ERR) consisting essentially of ethylene and propylene and having 
an ethylene content of at least 60% by weight. With an ethylene content of less than 60% by weight, the polymeric 
reticulated structure has poor physical properties. The preferred ethylene content is 65% to 95% by weight, more pref- 
erably 70% to 90% by weight. The three-dimensional continuous network preferably possesses both a hard block section 

20 including a crystalline slruclure and agglomerated structure and a soft block section including an amorphous structure. 
Then the EPR preferably has a crystallinity of at least 3%. more preferably 5 to 60%, most preferably 8 to 50%. The 
melting point (Tm) of a polyethylene section representing a block parameter of ethylene Is preferably at least 25° C, 
more preferably at least 30° G, most preferably at least 35°C as measured by differential scanning caiorimetry (DSC). 
The copolymer generally has a number average molecular weight of at least 20,000, preferably at least 30,000, more 

25 preferably at least 40,000. 

In addition to ethylene and propylene, the copolymer may contain another copolymerizable component it desired. 
The copolymerizable components include, for example, 1,5-hexadiene, 1,4-hexadiene, dicyclopentadiene, and ethyli- 
dene-norbornene. For example, such a third component is blended with ethylene and propylene to form an ethylene-pro- 
pylenedtene terpolymer (EPDM). The third component, if used, is preferably contained in an amount of about 1 to 15% 

30 by weight, more preferably 2 to 10% by weight of the entire copolymer. 

It IS useful in some applications that the three-dimensional continuous network according to the invention is modified 
to alter us properties by introducing a hydrophilic group such as hydroxyl or a lipophilic group such as nitro into the EPR 
or EPDM 

The three-dimensional continuous network constructed by the copolymer has a microscopic structure as shown in 
35 FIG 1 The three-dimensional continuous network has strands 1 of the copolymer connected to define internal cells 2 
which communicate with each other. A low molecular weight material to be described later Is trapped in the internal open 
cells 2 The strands i have an average diameter d of up to 8 |im, preferably 0.5 to 5 jim and the cells 2 have an average 
diameter D of up lo 80 )jm, preferably 1 to 50 jam. The porosity is desirably at least 40%, especially 50 to 95%. 

The low molecular weight material which is trapped or retained in the internal open cells 2 may be selected from 
^ various materials which are either solid or liquid, depending on a particular application. The low molecular weight material 
which is organic preferably has a number average molecular weight of less than 20,000, more preferably up to 10,000, 
most preferably up to 5.000. Illustrative, non-limiting examples of the low molecular weight material are given below. 

(1 ) Softeners Included are mineral oils, vegetable oils and synthetic softeners lor use in rubbers and resins. Exem- 
^ ptary mineral oils are aromatic, naphthenic, and paraffinic process oils. Exemplary vegetable oils are castor oil, 

cottonseed oil. linseed oil, rape oil, soybean oil. paim oil, coconut oil, peanut oil, haze tallow, pine oil, and olive oli. 

(2) Plaslicizer. Included are esler pictslicizers such as phlhalales, phlhalic mixed esters, aliphatic dibasic acid esters, 
glycol esters, fatty acid esters, phosphates, and stearates; epoxy plasticizers; other plasticizers for plastics; and 

-SO plasticizers for NBR such as phthalates, adipates, sebacates, phosphates, polyethers, and polyesters. 

(3) Tackifier: Tackifiers include coumarone resins, coumarone-indene resins, phenol terpene resins, petroleum 
hydrocarbons, and rosin derivatives. 

55 (4) Oligomer: Oligomers include crown ether, fluorinated oligomers, polyisobutylene, xylene resin, chlorinated rub- 

ber, polyethylene wax, petroleum resin, rosin ester rubber polyalkylene glycol diacrylates, liquid rubbers (e.g., polyb- 
utadiene, styrene-butadiene rubber, butadiene-acrylonitrile rubber, and polychloroprene), silicone oligomers, and 
poly-a-olefins. 
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(5) Lubricant: Included are hydrocarbon lubricants such as paraffin and wax; fatty acid lubricants such as higher 
fatty acids and oxyfatty acids; fatty acid amide lubricants such as fatty acid amides and alkylene bisfatty acid amides; 
ester lubricants such as fatty acid lower alcohol esters, fatty acid polyhydric alcohol esters and fatty acid poiyglycol 

" . esters; alcohol lubricants such as aliphatic alcohols, polyhydric alcohols, polyglycols, and polyglycerols; metal 

5 soaps; and mixtures. 

Other useful low molecular weight materials are latex, emulsion, liquid crystal, bitumen, clay, natural starch, sac- 
charides, inorganic silicone oil, and phosphazenes. Also included are animal oils such as beef tallow, lard, horse tallow, 
chicken oil, and fish oil; honey, fruit juice, chocolate, dairy products such as yogurt; organic solvents such as hydrocarbon, 
10 halogenated hydrocarbon, alcohol, phenol, ether, acetal, ketone, fatty acid, ester, nitrogen compound and sulfur com- 
pound solvents; various pharmaceutical components, soil modifiers, fertilizers, petroleum, water, and aqueous solutions. 
These materials may be used alone or in admixture. 

If desired, fillers may be further blended according to the invention. Exemplary fillers include flake inorganic fillers 
such as clay, diatomaceous earth, carbon black, silica, talc, barium sulfate, calcium carbonate, magnesium carbonate, 
15 metal oxides, mica, graphite, and aluminum hydroxide; granular or powder solid fillers such as metal powder, wood 
chips, glass powder, and ceramic powder; and natural and synthetic short and long fibers (e.g.. straw, wool, glass fibers, 
metal fibers, and polymer fibers). 

The polymeric reticulated structure (A-1) of the invention has the low molecular weight material trapped in internal 
9 open cells of a three-dimensional continuous network constructed by the ethylene-propylene copolymer. Preferably the 
20 three-dimensional continuous network is constructed by a permissible smallest amount of the copolymer. Provided that 
X is the amount of the copolymer of which the three-dimensional continuous network is constructed and Y is the amount 
of the low molecular weight material, the weight fraction of the copolymer represented by X/(X+Y) x 100% is preferably 
up to 30%, more preferably 7 to 25%. 

The polymeric reticulated structure (A-1 ) of the invention is prepared by mixing predetermined amounts of the eth- 
25 ylcnc-propy Icnc copolymer and the low molecular weight material and an optional component under sufficient conditions 
to allow the copolymer to form a three-dimensional continuous network. 

More particularly, it is recommended to mix the components in a high speed agitator such as a high shearing mixer 
at an agitation rate of at least 300 rpm, preferably at least 500 rpm, more preferably at least 1 ,000 rpm. If the components 
are not agitated at high speed, for example, if they are agitated at a slow speed, for example, in a roll mill, rotor mixer. 
30 or cylinder mixer, it is difficult to produce a uniform three-dimensional continuous network structure of the ethylene-pro- 
pylene copolymer. The mixing temperature is preferably about 100 to 250°C. more preferably about 150 to 200»C and 
the mixing time is preferably about 1 to 120 minutes, more preferably about 2 to 90 minutes. 

At the end of mixing, the mixture can be crossllnked by mixing vulcanizing agents such as sulfur and organic per- 
oxides or by exposing to electron radiation. 
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• A second embodiment o( the invention relates to a polymeric reticulated structure wherein a three-dimensional 
continuous reticulated skeleton or network having internal open cells is constructed by a themnoplastic block copolymer 
40 terminated with a crystalline ethylene block. 

The thermoplastic block copolymer should have a crystalline ethylene block at either one end or both ends. Absent 
the crystalline ethylene block at a terminal end. the copolymer does not form a three-dimensional network structure or 
sustain its shape, failing to achieve the object of the invention. The remainder of the copolymer other than the crystalline 
ethylene block is desirably an amorphous polymer, especially an amorphous ethylene-butylene copolymer, or a copol- 
45 ymer of an amorphous ethylene-butylene and an amorphous styrene. The thermoplastic block copolymer preferably 
has a degree of polymerization corresponding to a number average molecular weight of about 5,000 to 700.000, pref- 
erably 80,000 to 500,000. 

Preferably the thermoplastic block copolymer contains 5 to 70% by weight, more preferably 7 to 65% by weight, 
most preferably 10 to 60% by weight of the crystalline ethylene block. The melting point (Tm) of a crystalline ethylene 
so block representing a block parameter of ethylene is preferably at least 40°C. more preferably at least 60*'C, most pref- 
erably at least 70*C as measured by differential scanning calorlmetry (DSC). 

The thermoplastic block copolymer having such properties is commercially available as Dynalon E6100P and 
E4600P from Nihon Synthetic Rubber K.K. 

It is useful in some applications that the thermoplastic block copolymer is modified to alter its properties by introducing 
55 a hydrophilic group such as hydroxyl or a lipophilic group such as nitro therein. 

In the practice of the invention, another polymer may be blended with the thermoplastic block copolymer defined 
just above. Examples of the other polymer include block copolymers of polyethylene and an ethylene-styrene random 
copolymer which are obtained by hydrogenating a block copolymer of polybutadiene and a butadiene-styrene random 
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copolymer; block copolymers of polybutadiene and polystyrer^e; and block copolymers of PO^^thylene polystyrene 
wh'ch are obtained by hydrogenating a block copolymer of polybutadiene and polyslyrene. ^1^°'^.^^°"^^^^ 
in an amount of 10 to 90% by weight, preferably 20 to 30% by weight based on the thermoplastic block copolymer 

The three-dimensional continuous network constructed by the thermoplastic block copolymer has a r^'croscop ^ 
st'uc u^e as shown in FIG 1 The three-dimensional continuous network has strands 1 of the copolymer connected to 
d f ne ntemarcel"2 which communicate with each other. A low molecular weight material to be described later ,s 
frapped in the internal open cells 2. The strands 1 have an average diameter d of up to 10 ^.m. preferably 1 to 7 ^.m and 
thecells2haveanaveragediameterDof uptoBOum, preferably2to50^m. , , e<.io^t«H f rr.m 

The low molecular weight material which is trapped or retained in the internal open cells 2 may be ^^[^J^^^J"^ 
various materials which are either solid or liquid, depending on a particular application. Examples are as described for 

The polymeric reticulated structure (B-1) of the invention has the low molecular weight material trapped in int^^^^^^ 
open cells of a three-dimensional continuous network constructed by the thermoplastic ^'ock copotymer. Preferably the 
Xee-dimensional continuous network is constructed by a permissible smallest amount «^^;:"°P'2 c^^^^^^^ 
polymer Provided that X is the amount of the themioplastic block copolymer of which the '^^^f^^/^'^^^^^"^' 
network is constructed and Y is the amount of the low molecular weight material, the weight fraction of the copolymer 
represented by X/(X+Y) x 1 00% is preferably 5 to 30%, more preferably 7 to 25%. 

' T?,e pc^meric reticulated structure (B-1) of the invention is prepared by mixing predetermined amounts of t^^ 
moplastic btock copotymer and the low molecular weight material and an optional component under sufficient conditions 
to allow the thermoplastic block copolymer to form a three-dimensional continuous network. 

More particularly, it is recommended to mix the components In a high speed agrtator such as a ^'Qh sheann9 m.^^^^ 
at an agit^ion rate olat least 300 rpm, preferably at least 500 rpm. more preferably a, least 1 .000 ^^l'^^'^ '^^^^^ 
are not agitated at high speed, for example, if they are agitated at a slow speed, for example, in a ro" °r 
TcylSde'r mb<er, it ia'ditficu« to produce a unifom, three-dimensional continuous network structure o, the ethylene-pro- 
pylene copolymer The mixing temperature is preferably about 90 to 200»C, more preferably about 100 to 180 C and 
the mixing time is preferably about 5 to 1 20 minutes, more preferably about 1 0 to 90 minutes. 

The thus obtained polymeric reticulated structure (A-1) or (B-1) of the invention is a structure -^e^^'" tow mo- 
lecull? weight matenaUs trapped or retained within the fine cellular three-dimensional cont.nuous -^^rk -h^^^^^^^ 
modulus of elasticity can be controlled to a very low range. Then the polymeric reticula ed structure (A-1 ) or (B-1 ) of the 
^Sntion can offer commodities covering a wide variety of industrial fields including electric appliances, sports goods 
ndustrial machines, precision machines, transportation vehicles, building, construction, medica and leisure areas. For 
Txar^p e vibration damping or insulating material and bumper areas, use may be made as sealing members, securing 
rn^bers such as packing, gaskets and grommets. support members such as mounts, holders, and 'n=-'«t°^«-^"d 
dZinrmembers such as s?ops. cushions and bumpers. In shock absorbing areas, use may be made as sports goods 
s^hTs^oves. mitts, gotf club^, and tennis rackets, shoe Insoles, toys, audio equipment, electronic alec no equ p- 
Lnt,beds(especiallybedsfor medical, hair-dressing, aesthetic andathleticuses),seasts(e.g..autoandtheater seats), 

^he pdymenc reticulated structure (A-1 ) or (B-1 ) o. the invention is also applicable to -^f^^l^^^l^Z'^Z 
feet artificial hands robots, cardiographic electrodes, and low-frequency treatment machine electrodes. As ultra-low 
haTdneJs rubbeT^ be used to ?orm vibration-proof or vibration damping rubber for business machines, and racing 
t^es ^low ha dness plastic, it may be used to form molding materials. Further, since release of the low molecuter 
weTghfmiial is controllable, it may be used as various sustained release materials utilizing 
such as fragrant preparations, medical preparations, and functional material. It ,s also suitable for use various feed 
SJinclSg paper feed rubber rolls for feeding sheets of paper or the like as used in business nna^^^^ ^"^^ ^= 
[TcpylngmacLes printers, automatedteller machines, billexchange machines. counters.automat-cvend^ 

Sc^thetow molecular weight matenal is trapped or retained within the fine ce"ular three«iona, continu^^^^^^ 
network, that is. the low molecular weight material is incorporated in the porous material, the polymeric ret--^"^^;^ s'^"=, 
ture(A-1)or(B-1)oftheinvention can be usedascushioningmateriai by itself or in an application utilizingthelea^^ 

of the low molecular weight material therefrom. 

Polvmeric reticulated structure in the form of mic roporous body f A-2^ and (8-2) 

The microporous body (A-2) of the invention has a three-dimensional continuous network or '^^^^'^^^J^"^ 
structure of an ethylene-propylene copolymer defining internal open cells. It is obtained by removing the low molecular 
weiaht material from the polymeric reticulated structure (A-1 ). „»:„..iot»ri 

S milarlv the microporous body (B-2) of the invention has a three-dimensional continuous networi. or reticula ed 
skelS^n Sucture ol i S,ermoplas4 block copolymer defining internal open cells. It is obtained by remov^g the low 
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- molecular weight material from the polymeric reticulated structure (B-1 ). 

By removing the major component or low molecular weight material from the polymeric reticulated structure (A-1) 
or (B-1). there is left a three-dimensional continuous network which constitutes a microporous body contemplated in 

- this embodiment. 

5 Any desired technique may be used for the removal of the low molecular weight material from the polymeric retic- 

ulated structure. For example, the low molecular weight material is dissolved in or extracted with a suitable solvent and 
the solvent remaining in the structure or network is volatilized and dried. Any desired solvent may be used insofar as 
the ethylene-propylene copolymer or thermoplastic block copolymer is insoluble or substantially insoluble, but the low 
molecular weight material and other components are well soluble in the solvent. Exemplary solvents include aromatic 

10 hydrocarbons such as xylene, toluene, and benzene, unsaturated aliphatic hydrocarbons such as hexene and pentene. 
saturated aliphatic hydrocarbons such as hexane and pentane. ketones such as acetone and methyl ethyl ketone, 
alcohols such as ethanol and butanol, chlorinated aliphatic hydrocarbons such as methylene chloride and chloroform, 
alicycllc hydrocarbons such as cyclohexanone, ethers such as dioxane and tetrahydrof uran, esters such as butyl acetate, 
water, alkaline and acidic aqueous solutions, alone or in admixture. Using such a solvent, one or more steps of extraction 

15 are carried out. 

One illustrative, preferred procedure for effecting dissolution and extraction with a solvent involves finely dividing 
the polymeric reticulated structure (A-1 ) or (B-1 ) filled with the low molecular weight material into small pieces or slicing 

• into thin filmS: and immersing them in a solvent to extract the low molecular weight material. 
In this regard, effective recovery of the low molecular weight material is desirable. If the low molecular weight material 
20 is liquid, it is recommended to compress the polymeric reticulated structure (A-1 ) or (B-1 ) by means of a roll or press or 
apply a physical force thereto by means of a suction pump, vacuum pump, centrifugal separator or ultrasonic vibrator 
for taking out the majority of the low molecular weight material before dissolution and extraction with a solvent is carried 
out. 

The microporous body (A-2) or (B-2) resulting from the extraction step may be subject to post treatment for altenng 
25 its characteristics. Using ultraviolet radiation, electron radiation or heat, for example, the polymer component can be 
crosslinked for enhancing thermal stability. By treating with surface active agents or coupling agents, gas etching, plasma 
treatment or sputtering treatment, the microporous body can be altered in hydrophilic. hydrophobic, electrical, and optical 
properties as well as strength. 

Since the microporous body (A-2) or (B-2) of the invention has a three-dimensional continuous network or reticulated 
30 skeleton structure having cells of very small mesh size, it can be used as high functional separation membranes, for 
example, dialysis membranes, ultrafiltration membranes, reverse osmosis membranes, ion exchange membranes, gas 
separating membranes, pervaporation membranes, and bio-sensor membranes. For utilizing both elasticity and porosity, 
the microporous body can be used as puffs, cosmetic brushes, brush pens, water absorbing rolls, cigarette filters, clean- 
ers, knee, elbow and breast pads, dolls, pleasant touch toys, deodorants. water-Impermeable, gas-permeable members. 
35 cushions, sheets, vibration damping members, water-keeping members for plants. waterrStopping members, sealing 
members, packing, thermal insulators, vacuum cleaner filters, helmet liners, semiconductor wafer cleaners, shoe insoles 
and cushions. 

• Since the microporous body (A-2) or (B-2) has a three-dimensional continuous network or reticulated structure of 
fine uniform cells, it is highly elastic and resistant to chemicals and heat and will find a wider variety of applications. 



Polymeric reticulated structure in the form of filled microcellular co mposite (A-3) and (B-3) 



The filled microcellular composite (A-3) of the invention is a microporous. body having a three-dimensional contin- 
uous network or reticulated skeleton structure of an ethylene-propylene copolymer which is filled with a normally liquid 
45 or solid functional material. It is obtained by infiltrating the microporous body (A-2) with the functional material. 

Similarly, the filled microcellular composite (B-3) of the invention is a microporous body having a three-dimensional 
continuous network or reticulated skeleton structure of an thermoplastic block copolymer which is filled with a normally 
liquid or solid functional material. It is obtained by infiltrating the microporous body (B-2) with the functional material. 

More particularly, the filled microcellular composite (A-3) or (B-3) of the invention is obtained by removing the low 
so molecular weight material from the polymeric reticulated structure to form a microporous body (A-2) or (B-2) having 
voids or Internal open cells and Introducing a normally liquid or solid functional material Into the microporous body so 
that the voids are filled with the functional material. 

For introducing the functional material, if the functional material is liquid, the microporous body is impregnated with 
the functional material liquid optionally diluted with a suitable solvent. If the functional material is solid, it is melted or 
ss dissolved in a solvent whereby the microporous body is impregnated with the melt or solution. Also useful is a known 
method for adsorption of powder in pores. 

Some problems arise in causing the functional material to be retained after removal of the low molecular weight 
material. If the functional material is less compatible with the microporous body (A-2) or (B-2). It Is difficult to infiltrate 



7 



EP0 699 710 A2 



the functional material into the microporous body (A-2) or (B-2) after the solvent used to extract the low molecular weight 
material is completely removed. In this case, the functional material is contacted with the microporous body (A-2) or 
(B-2) which is still filled with the solvent, allowing sequential replacement of the solvent by the functional material to take 
place. 

5 If the functional material is almost incompatible with the microporous body (A-2) or (B-2). for example, one is hy- 

drophilic and the other is hydrophobic or water repellent, then it is necessary to render the microporous body compatible 
with the functional material. Effective means are by modifying the microporous body on a molecular level, blending the 
microporous body with a modifier, or surface modifying the three-dimensional continuous network of the microporous 
body with a coupling agent. It is also effective to mix an amount of surfactant with either one or both of the microporous 
10 body and functional material. 

If the solvent used to extract the low molecular weight material is less compatible with the functional material, the 
functional material is dissolved in another solvent. The functional material solution is contacted with the microporous 
body (A-2) or (B-2) which is filled with the solvent, allowing sequential replacement of the solvents to take place. 

If the functional materia! is a solid or powder which does not melt at a relatively high temperature, it is premixed 
15 with another liquid or solid which melts at such a high temperature. The premix is contacted with the microporous body, 
allowing sequential replacement of the low molecular weight material by the functional material to take place. 

The type of functional material is described together with the application of the filled microcellular composite (A-3) 
or (B-3). The invention is not limited to the following functional material and application. 

20 Normally liquid functional material 

Examples of the functional material which is liquid at room temperature include electrolyte solution, plating solution, 
liquid crystal, magnetic fluid, electrorheological fluid, reactive organic material, etc. By impregnating a microporous body 
with organic or inorganic electrolyte solution, there is formed a semi-solid electrolyte which will find use in paper cells 

25 and cicctrochromic devices. By impregnating a microporous body with plating solution, there is formed a impregnated 
body which is interposed between a plating member and a member to be plated to carry out dry plating. By impregnating 
a microporous body with liquid crystal, there is formed a dimming element which will find use in liquid crystal displays 
and variable transmission blinds. In the case of magnetic fluid, the impregnated microcellular composite will find use as 
flexible magnets and clean seals In the case of electrorheological fluid, the impregnated microcellular composite will 

30 find use as vibration damping devices. In the case of reactive organic materials, microporous bodies are separately 
impregnated with mutually reactive organic materials, and the impregnated bodies are placed in close contact whereupon 
the organic materials react with each other to form a reaction product which is reinforced by the three-dimensional 
continuous network of ethylene-propylene copolymer or thermoplastic block copolymer This is applicable to reactive 
two-part adhesive for dry adhesion and reactive two-part paint. Using a dye as the functional material, a printing member 

35 can be prepared. More particularly, a dye is blended with a softener, plasticizer, tackifier. oligomer or lubricant to form 
an ink composition with which a microporous body is impregnated. 

Other useful functional materials are latex, emulsion, bitumen, clay, natural starch, saccharides, inorganic silicone 
oil, and phosphazenes. Also included are animal oils such as beef tallow, lard, horse tallow, chicken oil, and fish oil; 
honey, fruit juice, chocolate, dairy products such as yogurt; organic solvents such as hydrocarbon, halogenated hydro- 

40 carbon, alcohol, phenol, ether acetal, ketone, fatty acid, ester, nitrogen compound and sulfur compound solvents; var- 
ious pharmaceutical components, soil modifiers, fertilizers, petroleum, water, and aqueous solutions. 

Where pharmaceutical components are used as the functional material, for example, there are obtained pharma- 
ceutical external preparations, typically fomentation. Any of pharmaceutical components which are dermatologic may 
be used. In the case of a medicament intended for local action, the filled microcellular composite allows the medicament 

45 to penetrate deeply. In the case of a medicament intended for systemic action, the filled microcellular composite allows 
the medicament to transfer into blood. The pharmaceutical components may have a molecular weight of less than 1 ,000, 
preferably less than 700, more preferably less than 500. 

Further typical functional malerials are fragrant components. Improved fragrance preparations are obtained. Exem- 
plary fragrant components are natural flavors such as lemon oil, lime oil, spearmint oil, jasmine oil, orange oil, pine oil, 

50 menthol oil, eucalyptus oil, lavender oil, and musk oil; and synthetic flavors derived therefrom, such as limonene, eugenol, 
citronellol, vanillin, can/one, ionone, muscone, rose oxide, indole, geranyl acetate, and ethyl benzoate. They may be 
used alone or in admixture. 

Normally solid functional material 

55 

The functional materials which are solid at room temperature include polymers, for example, conductive polymers 
such as polyaniline, polypyrrole, and polyacetylene, photoconductive polymers such as phthalocyanine derivatives, and 
water absorbing polymers such as chitin, chitcsan, acrylic acid polymers and polyvinyl alcohol (PVA). Also useful are 
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ceramic materials such as barium titanate and zinc zirconate having piezoelectric properties, and titanium oxide having 
light absorbing properties, metals having conductive or magnetic properties, and carbon and other powders having 
conductive, gas adsorbing or deodorant properties. Where ordinary thermoplastic or thermosetting polymers or organic 
materials are used as the functional material, there are obtained composite materials in which the thermoplastic or 
thermosetting resins are improved in impact resistance, strength and elongation. 

The filled microcellular composites (A-3) and (B-3) of the invention effectively retain the functional matenal which 
is liquid or solid at room temperature and allow the functional material to be slowly released over a long time, thus finding 
a variety of applications. 

EXAMPLE 

Examples ol the present invention are given below by way of illustration and not by way of limitation. 
Examples 1-7 & Comparative Example 1 

The ethylene-propylene copolymers (ERR) used herein had an ethylene content, crystallinity. polyethylene section 
melting point (Tm). and number average molecular weight (Mn) as shown in Table 1 . The type of low molecular weight 
(LMW) material is also shown in Table l . Polymeric reticulated structures were prepared by mixing an ethylene-propylene 
copolymer with a low molecular weight material in a mixing ratio as shown in Table 1 and agitating them in a high shearing 
mixer under condUions ds shown in Table 1 . 

For the f esulung polyrner k: leticulaied structures, the average diameter (d) of strands and average diameter (D) of 
cells were determined The results are also shown in Table 1. 



Table 1 



25 



30 



35 



40 



45 









Z2. 


£4_ 


£5. 




E7 


CEl 


EPR 


















Ethylerie contjent.. 


78 


78 


78 


72 


74 


78 


78 


50 


wt% 


















Crystallinity, \ 


12 


12 


12 


14 


5 


12 


12 


-0 


•Dr, ^C 


48 


48 


48 


54 


47 


48 


48 




Mn 


200, OCC 


2Dj,000 


200,000 


250,000 


250,000 


270,000 


270,000 


200,000 


liMlv raaterial* 


C IDA 


3 IDA 


DIDA 


P3 


DIDA 


DOP 


DQA 


DIDA 


EHl mix ratio, w-.l 


11 


15 


20 


20 


20 


20 


15 


20 


Agitation conditions 
















Ten^erature, *^C 


180 


180 


180 


160 


180 


180 


180 


180 


Revolution, rpm 


3000 


3000 


2000 


2000 


2000 


1500 


3 000 


2000 


Tine, min. 


60 


50 


60 


60 


60 


60 


60 


60 


Strand ijm 


1 -7 


1-7 


1-2 


1-2 


1-2 


1-2 


1-2 




Cell D, 


10-20 


15 


10 


5-10 


10 


15 


10 





SO 



* DIDA: diisodecyl adipate 

PB: polybutene, molecular weight. 300 
DO?: di-2-e-thylhexyl phthalate 
DOA: di-2-e1:hylhexyl adipate 



55 Examples 8-10 & Connparative Example 2 

The ethylene-propylene copolymers (EPR) used herein had an ethylene content, crystallinity, polyethylene section 
melting point (Tm). and number average molecular weight (Mn) as shown in Table 2. The low molecular weight (LMW) 
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material used herein was diisodecyi adipate (DIDA). Polymeric reticulated structures were prepared by mixing an eth- 
ylene-propylene copolymer with a low molecular weight material in a mixing ratio as shown in Table 2 and agitating them 
in a high shearing mixer under conditions as shown in Table 2. 

For the resulting polymeric reticulated structures, the average diameter (d) of strands and average diameter (D) of 
cells were determined. The results are also shown in Table 2. 

Using a solvent as shown in Table 2, the low molecular weight material was dissolved and extracted from the struc- 
ture. For the resulting microporous bodieS: the average diameter (d) of strands and average diameter (D) of cells were 
determined. The results are also shown in Table 2. 
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Table 2 



25 



30 





E8 


E9 


E10 


CE2 


Polymeric reliculaled structure 










EPR 










Ethylene content, wt% 


78 


78 


78 


50 


Crystallinity, % 


12 


12 


12 


=0 


Tm, 


48 


48 


48 




Mn 


250.000 


250,000 


250,000 


250,000 


LMW material 


DIDA 


DIDA 


DIDA 


DIDA 


EPR mix ratio. wt% 


10 


16 


21 


20 


Agitation conditions 










Temperature, °C 


180 


180 


180 


180 


Revolution, rpm 


3000 


3000 


3000 


3000 


Strand d. |am 


1-2 


1-2 


1-2 




Cell D, |im 


10-20 


10-20 


10-20 




Microporous body 










Solvent 


acetone 


methanol 


acetone 




Strand d, }j.m 


1-2 


1-2 


1-2 


not gelled 


Ceil D, ^im 


10-20 


10-20 


10-20 





Example 11 
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The ethylene-propylene copolymer (EPR) used herein had an ethylene content, crystallinity, polyethylene section 
melling point (Tm), and number average molecular weigh I (Mn)'as shown in Table 3. The low molecular weight (LMW) 
material used herein was diisodecyi adipate (DIDA). A polymeric reticulated structure was prepared by mixing 1 0% by 
weight of the ethylene-propylene copolymer with 90% by weight of DIDA and agitating them In a high shearing mixer 
under conditions as shown in Table 3. 

For the resulting polymeric reticulated structure, the average diameter (d) of strands and average diameter (D) of 
coils wore determined. The results arc also shown in Table 3. 

Using acetone, the low molecular weight material (DIDA) was dissolved and extracted from the structure. For the 
resulting microporous body, the average diameter (d) of strands and average diameter (D) of cells were determined. 
The results are also shown in Table 3. 

Table 3 





E11 


Polvmeric reticulated structure 




EPR 




Ethylene content, wt% 


78 


Crystallinity, % 


12 


Tm, ^'C 


48 


Mn 


250.000 


LMW material 


DIDA 


EPR mix ratio, wt% 


10 



Continuation of the Table on the next page 
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Table 3 (continued) 
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IS 





E11 


Agitation conditions 




Temperature. **C 


160 


Revolution, rpm 


3000 


Strand d, pirn 


1-2 


Cell D. pm 


10-20 


Microporous body 




Solvent 


acetone 


Strand d, jj.m 


1-2 


Cell D, lam 


10-20 



20 



The microporous body was impregnated with a liquid functional material, obtaining a filled microcellular composite. 
The liquids used herein were: 

an ink consisting of 82 vol% of water. 12 vol% of diethylene glycol and 8 vol% of dye, 

an electrolyte solution containing 3.0 mol of LiBF4 in 1 liter of propylene carbonate, 

a plating solution containing 80 g of CuS04-5H20 and 180 g of H2SO4 In 1 liter of water, and 

an epoxy adhesive.' 



25 



Table 4 


Functional material 


Functional material/microporous body (volume ratio) 


Ink 


0.S5 


Electrolyte solution 


0.80 


Plating solution 


0.31 


Epoxy adhesive 


O.BO 



30 



3S 



Examples 12-15 

The thermoplastic block copolymers used herein had a number average molecular weight (Mn). molecular structure, 
crystalline ethylene content, and crystalline ethylene block melting point (Tm) as shown in Table 5. The type of low 
molecular weight (LMW) material is also shown in Table 5. Polymeric reticulated structures were prepared by mixing a 
thermoplastic block copolymer with a low molecular weight material in a mixing ratio as shown in Table 5 and agitating 
them in a high shearing mixer under conditions as shown in Table 5. 

For the resulting polymeric reticulated structures, the average diameter (d) of strands and average diameter (D) of 
cells were determined. The results are also shown in Table 5. 
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Table 5 





E12 


E13 


E14 


E15 


Block copolymer 










Mn 


L • Oy\ ill 


1 - D X X U 


/ - O X 1 u 


Z . O X 


Molecular structure* 


A 


A 


B 


B 


Cryst- ethylene cont., wt% 


15 


15 


30 


30 


Tm, ^C 


100 


100 


100 


100 


LMW material** 


(1) 


(2) 


(1) 


(3) 


Copolymer mix ratio, wt% 


15 


15 


12 


15 


Agitation conditions 










Tenperature, °C 


180 " 


180 


180 


180 


Revolution, rpm 


3500 


3500 


3500 


3500 


Time, min. 


60 


60 


60 


60 


Strand d, pm 


2-3 


2-^3 


3-5 


3-5 


Cell D, ^fm 


20 


15 


20 


20 



* Molecular structure 

A: thermoplastic block copolymer in the form of a block 
copolymer of an amorphous ethylene-butylene and an amorphous 
styrene having a crystalline ethylene block attached at one 
end 

B: thermoplastic block copolymer in the form of an 
amorphous ethylene-butylene copolymer having a crystalline 
ethylene block attached at both ends 

** Low molecular weight material 

( 1 ) polyisobutylene 

(2) paraffin oil 

(3) naphthene oil 

Examples 16-18 

The IhermoplasUc block copolymers used herein had a number average molecular weight (Mn), molecular structure, 
crystalline ethylene coritent. and ciystalline ethylene block mefting point (Tm) as shown in Table 6. The type of low 
molecular weight (LMW) matenai is also shown in Table 6. Polymeric reticulated structures were prepared by mixing a 
thermoplastic block copolymer with a low molecular weight material in a mixing ratio as shown in Table 6 and agitating 
them in a high shearing mrxer under conditions as shown in Table 6. 

For the resulting polymeric reticulated structures, the average diameter (d) of strands and average diameter (D) of 
cells were determined. The results are also shown in Table 6. 

Using a solvent as shown in Table 6, the low molecular weight material was dissolved and extracted from the struc- 
ture. For the resulting microporous bodies the average diameter (d) of strands and average diameter (D) of cells were 
determined. The results are also shown in Table 6. 



12 



m 



EP 0 699 710 A2 





Table 


6 






5 




E16 


E17 


E18 




pnlvme-^ic reticulated structure 








Block copolymer 








10 


Mn 


1.5x10^ 


1.5x10^ 


2 .8x10^ 


Molecular structure* 


A 


A 


B 




Cryst- ethylene cont,, wt% 


15 


15 


30 




Tm, °C 


100 


100 


100 


15 


LMW material** 


(1) 


(2) 


(1) 




Copolymer mix ratio, wt% 


15 


15 


12 



20 



25 



SO 



55 



180 


180 


180 


3000 


3000 


3000 


2-3 


2-3 


3-5 


20 


15 


20 



Agitation conditions 
Temperature , °C 
Revolution, rpm 
Strand d, jjm 
Cell D, }jm 
MicroDorous body 
Solvent acetone hexane acetone 

Strand d, jjm 2-3 2-3 3-5 

cell D, M^i 20 15 20 

^ Molecular structure 

A: thermoplastic block copolymer in the form of a 
^ copolymer of an amorphous ethylene-butylene and an amorphous 

^ styrcnc having a crystalline ethylene block attached at one 

end 

B: thermoplastic block copolymer in the form of an 
amorphous ethylene-butylene copolymer having a crystalline 
ethylene block attached at both ends 
45 ** Low molecular weight material 

( 1 ) polyisobuty 1 ene 

(2) paraffin oil 



Examples 19 and 20 



The thermoplastic block copolymer used herein had a number average molecular weight (Mn) molecular structure^ 
cryst^line ethyler^e content, and crystalline ethylene bloc, melt.ng po,nt (Tm) as shown in ^ab^e Z ^^^^^ 
weight (LMW) material was pelyisobutylene. A polymeric reticulated structure was prepared by mixing by we gh 
Tthe thermoplastic block copolymer wrth 90O/o by weight of polyisobutylene and agitating them .n a high sheanng m«er 

under conditions as shown in Table 7. . ^ ^ir^^^i^r /n\ nf 

For the resulting polymeric reticulated structure, the average diameter (d) of strands and average diameter (D) of 
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ceils vwe-e determined. The results are also shown In Table 7. 

Unr.g ac^-^tone, the low molecular weight materiai was dissolved and extracted from the structure. For the resulting 
microporous bodies, the average diameter (d) of strands and average diameter (D) of cells were determined. The results 
are also shown in Table 7. 



Table 7 
E19 

Polymeric reticulated structure 
Block copolymer 
Mn 1.5x10' 
Molecular structure a 
Cryst. ethylene cont,, vrt% 15 
Tm, 100 



liHW material 

Copolymer mix ratio, wt% 

Agitation conditions 

Temperature, *=*C 

Revolution, rpm 
Strand d, ^^m 
Cell D, ^m 
Microporous body 
Solvent 
Strand d, ^im 
Cell D, ^^m 



E20 



4.5x10^ 

B 

30 
100 



polyisobutylene polyisobutylene 



15 

180 
3000 
2-3 
20 

acetone 

2-3 

20 



10 

140 
3000 
3-5 
20 

acetone 

3-5 

20 



A: thermoplastic block copolymer in the form of a 
copolymer of an amorphous ethylene-butylene and an amorphous 
styrene having a crystalline ethylene block attached at one 
end 

B: thermoplastic block copolymer in the form of an 
amorphous ethylene-butylene copolymer having a crystalline 
ethylene block attached at both ends 
The microporous body was impregnaled with a liquid functional material, obtaining a niled microcellular composite. 
The liquids used herein were. 

an ink consisting of 82 vol% of water, 12 vol% of diethylene glycol and 8 vol% of dye, 

an electrolyte solution containing 3.0 mol of LiBF4 in 1 liter of propylene carbonate, 

a plating solution containing 80 g of CuS04-5H20 and 180 g of H2SO4 in 1 liter of water, and 

a two-part curing cpoxy adhesive. 
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Table 8 

Functional ma-terial/ 
^ Functional material microDorous body (volume ratio) 

Ink SO/10 
Electrolyte solution 90/10 
Plating solution 90/10 

Epoxy adhesive 90/10 
Japanese Patent Application Nos. 232320/1994, 232321/1994, 232322/1994, 239614/1994, 239615/1994. and 
IS 23961 6/1 994 are incorporated herein by reference. 

Claims 

i=u 1. A polymeric reliculaled slruclure which is prepared by mixing a copolymer consisting essentially of ethylene and 
propylene and having an ethylene content of at least 60% by weight with a low molecular weight material whereby 
the low molecular weight material is trapped in the three-dimensional continuous network the copolymer forms. 

2. A method for preparing a polymeric reticulated structure as set forth in claim 1, comprising the step of mixing a 
25 copolymer consisting essentially of ethylene and propylene and having an ethylene content of at least 60% by weight 

with a low molecular weight material such that the resulting mixture contains up to 30% by weight of the copolymer. 

3. A polymeric reticulated structure which is prepared by mixing a copolymer consisting essentially of ethylene and 
propylene and having an ethylene content of at least 60% by weight with a low molecular weight material and 

30 removing the low molecular weigh! material from the mixture whereby the structure has a three-dimensional con- 

tinuous network composed of strands and cells, the strands having an average diameter of up to 8 \im and the cells 
having an average diameter of up to 80 ijm. 

4. A method for preparing a polymeric reticulated structure as set forth in claim 3, comprising the steps of: 

35 mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene content of at 

least 60% by weight with a low molecular weight material such that the resulting mixture contains up to 30% by 
weight of the copolymer, thereby forming a reticulated structure wherein the copolymer forms a three-dimensional 

• continuous network in which the low molecular weight material is trapped, and 
removing the low molecular weight material from the reticulated structure. 

40 

5. A polymeric reticulated structure which is prepared by a method comprising the steps of: 

mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene content of at 
least 60% by weight with a low molecular weight material, 

removing the low molecular weight material from the mixture, thereby forming a microporous body having a 
45 three-dimensional continuous network composed of strands and cells, the strands having an average diameter of 

up to 8 ^im and the cells having an average diameter of up to 80 [xm, and 

incorporating a functional material which is liquid or solid at room temperature into the microporous body. 

6. A method for preparing a polymeric reticulated structure as set forth in claim 5, comprising the steps of: 

so mixing a copolymer consisting essentially of ethylene and propylene and having an ethylene content of at 

least 60% by weight with a low molecular weight material such that the resulting mixture contains up to 30% by 
weight of the copolymer, thereby forming a reticulated structure wherein the copolymer forms a three-dimensional 
continuous network in which the low molecular weight material is trapped, 

removing the low molecular weight material from the reticulated structure to leave voids, and 

55 infiltrating a functional material which is liquid or solid at room temperature into the voids. 

7. A polymeric reticulated structure which is prepared by mixing a thermoplastic block copolymer having a crystalline 
ethylene block at one end or both ends with a low molecular weight material whereby the low molecular weight 
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material is trapped in the three-dimensional continuous network the block copolymer forms. 

8. The polymeric reticulated structure of claim 7 wherein said thermoplastic block copolymer has a crystalline ethylene 
block attached to one end or both ends of an amorphous polymer section. 

5 

9. The polymeric reticulated structure of claim 8, wherein said amorphous polymer section is an amorphous ethyl- 
ene-butylene copolymer or a copolymer of an amorphous ethylene-butylene and an amorphous styrene. 

10. The polymeric reticulated structure of claim 7 wherein said thermoplastic block copolymer contains 5 to 70% by 
10 weight of the crystalline ethylene block which has a melting point of at least 40**C. 

11. A method for preparing a polymeric reticulated structure as set forth in claim 7, comprising the step of mixing a 
thermoplastic block copolymer having a crystalline ethylene block at one end or both ends with a low molecular 
weight material such that the resulting mixture contains 5 to 30% by weight of the thermoplastic block copolymer. 

15 

12. A polymeric reticulated structure which is prepared by mixing a thermoplastic block copolymer having a crystalline 
ethylene block at one end or both ends with a low molecular weight material and removing the low molecular weight 
materia! from the mixture whereby the structure has a three-dimensional continuous network composed of strands 
and cells, the strands having an average diameter of up to 10 |j.m and the cells having an average diameter of up 

20 lo 80 jam. 

13. The polymeric reticulated structure of claim 1 2 wherein said thermoplastic block copolymer has a crystalline ethylene 
block attached to one end or both ends of an amorphous polymer section. 

25 14. The polymeric reticulated structure of claim 12 wherein said amorphous polymer section is an amorphous ethyl- 
ene-butylene copolymer or a copolymer of an amorphous ethylene-butylene and an amorphous styrene. 

15. The polymeric reticulated structure of claim 12 wherein said thermoplastic block copolymer contains 5 to 70% by 
weight of the crystalline ethylene block which has a melting point of at least 40° C. 

30 

16. A method for preparing a polymeric reticulated structure as set forth in claim 12, comprising the steps of: 

mixing a thermoplastic block copolymer having a crystalline ethylene block at one end or both ends with a low 
molecular weight material such that the resulting mixture contains 5 to 30% by weight of the thermoplastic block 
copolymer, thereby forming a reticulated structure wherein the copolymer forms a three-dimensional continuous 
35 network in which the low molecular weight material is trapped, and 

removing the low molecular weight material from the reticulated structure. 

17. A polymeric reticulated structure which is prepared by a method comprising the steps of: 

mixing a thermoplastic block copolymer having a crystalline ethylene block at one end or both ends with a low 
40 molecular weight material, 

removing the low molecular weight material from the mixture, thereby forming a microporous body having a 
three-dimensional continuous network composed of strands and cells, the strands having an average diameter of 
up to 10 )jm and the cells having an average diameter of up to 80 jam, and 

incorporating a functional material which is liquid or solid at room temperature into the microporous body. 

45 

18. The polymeric reticulated structure of claim 1 7 wherein said thermoplastic block copolymer has a crystalline ethylene 
block attached to one end or both ends of an amorphous polymer section. 

19. The polymeric reticulated structure of claim 17 wherein said amorphous polymer section is an amorphous ethyl- 
50 ene-butylene copolymer or a copolymer of an amorphous ethylene-butylene and an amorphous styrene. 

20. The polymeric reticulated structure of claim 17 wherein said thermoplastic block copolymer contains 5 to 70% by 
weight of the crystalline ethylene block which has a melting point of at least 40*'C. 

55 21. A method for preparing a polymeric reticulated structure as set forth in claim 17, comprising the steps of: 

mixing a thermoplastic block copolymer having a crystalline ethylene block at one end or both ends with a low 
molecular weight material such that the resulting mixture contains 5 to 30% by weight of the copolymer, thereby 
forming a reticulated structure wherein the copolymer forms a three-dimensional continuous network in which the 
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low molecular weight material is trapped, 

removing the low molecular weight material from the reticulated structure to leave voids, and 
infiltrating a functional material which is liquid or solid at room temperature into the voids. 
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FIG.1 




18 



(19) 



J 




E u ro pai sc^ipPPaten tarn t 
European Patent Office 
Office europeen des brevets 




(12) 



(88) Date of publication A3: 

26.06.1996 Bulletin 1996/26 

(43) Date of publication A2: 

06.03.1996 Bulletin 1996/10 

(21) Application number: 95306101.7 

(22) Date of filing: 31.08.1995 



(11) EP 0 699 710 A3 

EUROPEAN PATENT APPLICATION 

(51) intci.6: C08L 23/10 



(84) 


Designated Contracting States: 


• Mashita, Naruhiko 


DE FR GB IT 


Kodalra-shi, Tokyo (JP) 






• Imai, Yasushi 


(30) 


Priority: 01.09.1994 JP 232320/94 


Kodaira-shi, Tokyo (JP) 


01.09.1994 JP 232321/94 


• Matsuse, Takahiro 




01.09.1994 JP 232322/94 


Kodaira-shI, Tokyo (JP) 




07.09.1994 JP 239614/94 


• Wakana, Yuichiro 




07.09.1994 JP 239615/94 


Kodaira-shi, Tokyo (JP) 




07.09.1994 JP 239616/94 


• Fukahori, Yoshlhide 






HachiojI-shi, Tokyo (JP) 


(71) 


Applicant: Bridgestone Corporation 


(74) Representative: Stoner, Gerard Patrick et al 


Tokyo { JP) 






MEWBURN ELLIS 


(72) 


Inventors: 


York House 


• 


Toyosawa, Shinichi 


23 Kingsway 




Saitama-ken (JP) 


London WC2B 6HP (GB) 



CO 

< 

o 
o> 

CO 

o 

LU 



(54) Polymeric reticulated structure and method for making 

(57) A polymeric reticulated structure is prepared by 
mixing an ethylene-propylene copolymer having an eth- 
ylene content of at least 60% by weight or a thermoplas- 
tic block copolymer terminated with a cfystalline ethyl- 
ene block with a low molecular weight material. The low 
molecular weight material is trapped in the three-dimen- 
sional continuous network the copolymer (orms. 



FIG.1 




Printed by Jouve, 75001 PARIS (FR) 



EP0 699 710 A3 



European Patent 
OfTicc 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 30 6101 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X 
A 

D.X 



DE-A-25 23 74G (STAMI CARBON) 11 December 
1975 

* example 3 * 

FR-A-2 316 279 (ASAHI CHEMICAL IND) 28 
January 1977 

* page 5, line 30 - page 11, line 15; 
claim 12 * 

DE-A-42 43 055 (BRIDGESTONE CORP) 1 July 
1993 

* examples 1-5 * 

DE-A-27 37 745 (AKZO GMBH) 9 March 1978 
page 180, paragraph 2; example 286 * 



CitMtion of document with indication, where appropriate, 
of relevant passages 



The present search report has been drawn up for all daims 

plau of uiircli 



Relevant 
Co < 



CKASSIRC\T1()N OF THE 
AP P! .1 CATION ant.CI.6) 



1-6 

1-6 
9,10 



7,8. 
11-19 



1-19 



THE HAGUE 



Date of coMvW»o« of the warcb 



C08L23/1Q 



TKOINICAL FIELDS 
SEARCHED Unt-Cl^) 



CQ8J 



23 April 1996 



Schmidt, H 



CATEGORY OF CI 1 KU DOCUMtNTS 

X : panicularly relevant if taken aJonc 

Y : paxticulariy rclcvani if combined with another 

document of the same cate}{ory 
A : technoJogicai background 
O : non-written disdosnre 
P : iDtermediate document 



T : theory or principle underlying the invention 
C : earlier patent document, but published on, or 

aflcr the filing <ate 
1) : documoit dted in the appllcatton 
I, : document dted for other reasi>nb 



iTmOTlw rt the san^ family, correspondtog 
document 



2 



This Page is Inserted by IFW Indexing and Scanning 
Operations ^nd is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SWES 
\^^^ED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ; 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



